Abstract-This paper explores the evolving role of transmitter spectrum masks in the emerging paradigm of service and technology neutral spectrum planning. We advocate the use of more dynamic approaches to spectrum mask generation and design. Furthermore, we advocate a role for such masks in the implementation of dynamic spectrum access networks. In this paper we distinguish between the block-edge mask (BEM) and the spectrum emission mask (SEM). A block-edge mask specifies permitted power levels over the block of spectrum of interest and its neighbouring blocks. The spectrum emission mask on the other hand describes the actual emission profile of a device. We show how advancements in technologies, especially in the area of cognitive radio and reconfigurable networks, make the notion of dynamic SEMs a reality and we argue that a more dynamic approach to BEMs opens the way for enabling technology and service neutrality in spectrum management. We present five different possible interpretations for the dynamic BEM. While recognising that the dynamic BEM will prove challenging on both a technological and regulatory front we turn to the Wireless Access Policy for Electronic Communications Services (WAPECS) framework as a solid starting point.
I. INTRODUCTION
This paper focuses on spectrum masks. Spectrum masks are employed by the majority of wireless transmitters in use today and are a proven technique for limiting the creation of harmful interference. These masks are defined by a set of breakpoints which specify the maximum permitted transmitted power levels within a defined bandwidth at a particular frequency offset from the carrier frequency of the signal. Masks are typically designed to accommodate the requirements of the system waveform while keeping out-of-band (OOB) emissions below an acceptable power level for systems in adjacent channels. Hence spectrum masks are a regulatory tool for managing adjacent channel interference. Masks can be applied to devices that may vary from a high-power TV transmitter, to a macrocellular base-station, to a cell-phone or a nomadic broadband transceiver.
Contemporary spectrum masks are made for a highly static world and are more suited to regimes in which specific technologies are used in specific spectrum bands to deliver specific services. We are however interested in a much more flexible world that is based on the premise of technology and service neutrality. In a technology and service neutral world any service can be offered in almost any band, subject to it being economically efficient to do so. Any two networks can be (spectral/spatial/temporal) neighbours. Spectrum bands can change ownership and new technologies can be introduced as and when needed in a fluid and dynamic manner heralding the way for effective spectrum trading. Furthermore, we see dynamic spectrum access (DSA) as a subset of the full technology and service neutral world. DSA networks will operate in a technology and service neutral manner (using whatever technologies they like, delivering whatever services they wish) around legacy users. Service and technology neutrality calls for more dynamic ways of managing spectrum. In this paper we make the argument that while spectrum masks are a useful concept, as spectrum management becomes more dynamic, we need dynamic masks.
Rather than use the generic term spectrum mask we think it is more useful to distinguish between block-edge masks (BEMs) and spectrum emission masks (SEMs). In the opening paragraph of the paper we have more or less defined the block-edge mask. A block-edge mask specifies permitted power levels over the block of spectrum of interest and its neighbouring blocks. The spectrum emission mask on the other hand describes the actual emission profile of a device. The SEM must comply with the BEM in order to keep within the terms of the license. Hence BEMs relate more correctly to the licence conditions for a block of spectrum, whereas the SEMs relate to the actual emissions of the radio equipment. If we use the BEMs and SEMs terminology in the context of current regimes we would say that regulators (and standards bodies) define BEMs and manufacturers ensure that the SEMs of different communication devices conform to the BEMs associated with the spectrum in which they operate.
In recent years, however, we have seen that radios are now capable of manipulating and shaping the waveforms they transmit in an increasingly dynamic fashion. Put another way, we can argue that it is possible now to generate SEMs in situ rather than have a device conform to a static SEM only, as per the manufacturer's design. In other words there is such a thing as a dynamic SEM. The natural question to follow is whether there can be such a thing as a dynamic BEM and, if so, what form would such an entity take. Hence, the purpose of this paper is twofold. First, we want to show how the notion of the SEM is being redefined through advances in technology. Secondly, we want to explore the idea of dynamic BEMs and motivate their use in a service and technology neutral world. Whilst we acknowledge that there are a number of different approaches to transmitter masking [2] , the BEM approach is one that lends itself to an incremental move towards a more dynamic environment. The title of the paper attempts to capture this idea in suggesting that BEMs should follow in the footsteps of the SEMs.
Central to this paper is an understanding of adjacent channel interference. Hence, section II gives a brief tutorial on the topic and highlights some of the key concepts that are built upon in this paper. Section III then discusses how adjacent channel interference is currently controlled and in doing so more fully fleshes out the the BEM and SEM concept. The key point to take away from this section is that spectrum masks as we know them are designed for highly static scenarios that are well-known in advance; deployment scenarios that can be problematic are avoided. Section III concludes by focusing on the world of the future, a world of technology and service neutrality and a world in which the spectrum mask will need to play a greater role. Section IV draws attention to the dynamic SEMs and shows how developments in technology have made this idea a reality. This section essentially lays the ground for the natural follow-on to dynamic BEMs. Section V makes one of the major contributions of the paper and speculates on the different ways BEMs can be made more dynamic and the potential roles for these kinds of masks. The difficulties and challenges of creating these BEMs is acknowledged. Section VI posits that the WAPECS framework, a framework for technology and service neutrality, can provide a basis for designing dynamic BEMs while acknowledging much more work is needed. Finally, Section VII concludes the paper.
The work in this paper draws heavily on three key reports of the Electronic Communications Committee (ECC) within the European Conference of Postal and Telecommunications Administrations (CEPT), namely [1] , [2] , [3] .
II. ADJACENT CHANNEL INTERFERENCE
Adjacent channel interference 'starts off' as a simple enough concept. The RF spectrum is generally broken up into contiguous blocks of frequencies which are allocated to different uses. The systems using these blocks in a given geographical region then transmit according to the technical and service needs of their particular system. However, transmissions are not perfect and hence are not confined to the allocated blocks and leakage into adjacent bands occurs causing interference to systems working in the adjacent bands.
Firstly, it is important to stress that both the transmitter and the receiver have a role to play, Figure 1 captures this. In Figure   Fig 1 we see that the transmitter is 'sloppy' in its transmission and there is power in adjacent bands that is received by the receiver. We also see that the receiver is 'imperfect' and hence picks up signals that are outside its own band of interest. The adjacent channel selectivity of the receiver determines exactly how much interference is picked up. Hence, the detrimental effect of out-of-band (OOB) emissions is a combination of sloppy transmission, or transmissions that lie outside the wanted/legal pass-band of the wanted/legal signal, and unfocussed filtering at the receiver. This is the first key point to be made about adjacent channel interference.
Secondly, there is a spatial element to adjacent channel interference. We are of course dealing with communication systems that cover the same geographical area but within that area transmitters and receivers from different systems on adjacent channels can find themselves in a variety of positions in relation to each other. If transmitters are co-located then they will experience each other's peak power. As power dissipates with distance from the transmitter, the interference experienced by one device from another also decreases. In other words the distance between the transmitter and receiver will impact on the adjacent channel leakage ratio experienced by the receiver in Figure 1 . Consequently the nature of the distances between what we call interferers and victim receivers is an important consideration in the calculation of the impact on adjacent channel interference.
Thirdly, it should be noted that adjacent channel interference will depend on the type of communication services that are in adjacent blocks. Communications can be simplex or duplex. There are two broad categories of duplex systems; time division duplexing (TDD) systems and frequency division duplexing systems. In the former the uplink and downlink are shared on a time basis but use the same frequencies. In the latter the uplink and downlink each use separate frequencies. Different levels of interference occur depending on whether adjacent systems are similar (TDD/TDD or FDD/FDD) or whether they are different (TDD/FDD). A good discussion of the various different kinds of interferences that can result can be found in [4] . Figure 2 illustrates two systems occupying adjacent frequency blocks operating over the same geographical area and attempts to capture the concepts mentioned in the last two paragraphs. Consider for the moment how the system on the right affects the system on the left; in this analysis we treat the system on the left as the victim system and the system on the right as the interfering system. Of course, any complete analysis must also look at the opposite scenario. In Figure 2 , the system on the right is an FDD downlink system and the one on the left is a TDD system. This allows us to establish that interference can occur along three paths marked in the diagram; from transceiver B to transceiver A, from transceiver B to transceiver C and from transceiver D to transceiver C . For the last interference path, from D to C , the victim terminal stations in this case will not be those at C. As the interfering system is using FDD technology, transceivers B and D will be operating on their own frequencies which are separated by a significant duplex spacing, e.g. typically 100MHz separation for 5MHz FDD channels [4] . As such, the interfering FDD system's basestation and terminal stations have different adjacent channel neighbours and must consider two sets of terminal station devices, i.e. victim system C on the interfering basestation A's frequency and victim system C on interfering terminal station D's frequency. If the systems in Figure 2 consist of static devices, then the distances between the interferers and victims can be readily calculated, and using propagation models appropriate to the frequency and terrain, the adjacent channel interference can be calculated. If some elements of the systems are mobile, such as elements C, C and D, then it is harder to make assumptions about how these devices will be separated and consequently determine the adjacent channel interference that will occur. 1 Finally, it is not just whether neighbouring systems are TDD and FDD that matters. The power levels and density of the networks also can have a significant impact. An example can be used to illustrate this and is shown in Figure 3 . TV transmission systems, whether analogue or digital, are generally characterised by high-power transmitters that cover a large area. For DVB-H coverage, a more dense network may be required, but in the main DVB-T follows a pattern similar to the analogue transmission systems. In Figure 3 both systems are operating in the same geographical area but on adjacent frequencies. While an individual DVB-H transmitter is designed such that it will not cause interference to the edge coverage of the DVB-T, scenarios can arise in which the aggregate co-channel interference actually does cause a problem. In essence, the transmissions from the dense network of DVB-H transmitters can constructively combine in such a manner so as to cause interference. The overall increase in power does not just mean an increase in power in the frequency band devoted to the DVB-H transmissions but an associated increase in power in the adjacent channels, i.e. the channels in which the DVB-T system is operating. What this looks like in reality is a set of holes in the coverage of the DVB-T system as shown in Figure 3 [3] .
So while adjacent channel interference does indeed start as a simple concept there are many complexities to be taken into account. In summary, the adjacent channel interference experienced is heavily dependent on the technical characteristics of the adjacent systems, the geographical spread of the system in the given geographical area and the types of services the systems are delivering.
III. CONTROLLING ADJACENT CHANNEL
Adjacent channel interference is managed in a number of different ways by regulators. Taking a simplified overview, regulators do the following: 1) Firstly, regulators still stipulate which communication systems can be neighbours in order to minimise the occurrence of adjacent channel interference in the first place. So for example the situation described in Figure  3 would normally be completely avoided. 2) Secondly, guard bands are inserted between adjacent systems. A guard band allows some leakage from the operating communication system into the adjacent band to take place but as there are no systems operating in guard band, the leakage does not cause a problem. 3) Thirdly, regulators make use of spectrum masks to control the amount of adjacent channel interference that leaks into neighbouring systems.
The primary goal of the spectrum mask is to contain the power of the signal within certain bounds such that the power that leaks into adjacent channels causes a tolerable level of interference to the victim receivers. As mentioned in the outset of this paper we use the term block-edge mask (BEM) as a more precise use of terminology. The BEM is defined as a function of frequency and power. The BEM generally has three components, namely the in-block limit, relative to the edge of the block of spectrum. The transition level (which may be a series of steps), and a baseline level for emissions beyond the edge of the mask. These are shown in Figure 4 . The role for the regulator is in stipulating what the levels will be. In order to determine the baseline emissions for beyond the edge of the block, many of the issues discussed in section II must taken into account. Figure 5 shows five BEMs that are currently in use for different standards ranging from lowpower ISM band devices, e.g. IEEE 802.11, to high-power TV transmitters. The SEM, on the other hand, describes the actual emission profile of a device. Figure 6 depicts a SEM of an IEEE 802.11g device. The device has been designed to conform with a BEM that has been specified by the regulators and standards bodies. Given that the BEM is static, equipment manufacturers can custom design the transmitter hardware such that a spectrally efficient SEM is achieved. An efficient SEM is one which most closely approximates the profile of the BEM.
A few points are worth noting here in relation to the kind of BEMs (and associated SEMs) currently used, such as those represented in Figure 5 . The BEMs are designed for well defined scenarios in which the characteristics of the communication systems involved are well known. They are designed with specific standards in mind and with an understanding of which technologies will be neighbours. They are designed, as already mentioned, by a mix of standardisation groups and regulatory bodies after deliberative planning. And as men-tioned previously some complex scenarios which adversely affect adjacent channel interference are simply not allowed. All of this means that baseline transmission levels beyond the edge of the mask can be calculated.
This relative ease of control of adjacent channel interference disappears when you move towards technology and service neutrality. In such a world any service can be offered in any band. Any two networks can be (spectral) neighbours and scenarios such as those depicted in Figure 3 can arise. Dynamic spectrum access regimes or spectrum trading scenarios mean neighbours can change over time (albeit at different time scales). In such a world it will not be possible to decide which systems are permitted to be neighbours. At the least, there will be less constraints and in the most ideal of technology and service neutrality worlds there will be none. In such a world there may be no room for the pre-assigned guard band. Hence, one of the only feasible tools remaining is the mask. But even given the current approaches to mask design [2] , the bottom line is that static masks themselves are not up to the task. And that is where the need for dynamic masks comes in.
IV. ALREADY A DYNAMIC SEM
We can look to the advances in the SEM situation to start the discussion of dynamic masks. Rather than thinking about the SEM as something that is purpose-designed by the manufacturers as per Figure 6 , the advent of technologies such as software radio, cognitive radio and reconfigurable networks means that a SEM is something that can be generated in situ. Focusing on cognitive radio for the purposes of the discussion we see that these radios can sense their environment, decide on how to best configure themselves and subsequently transmit. Different waveforms, modulation techniques, power levels and antenna combinations can be selected to sculpt the transmitted signal. Figure 7 captures this idea in a simplistic way and shows how a cognitive radio lowers its power levels automatically to create a BEM-compliant output. In Figure 7 the situation is simple. However the SEM is not spectrally efficient. There are now numerous techniques which exist which allow highly adaptive (cognitive) radios to sculpt the emission profile of the device in a more effective manner. Figure 8 shows some advanced techniques at play. Here an orthogonal frequency division multiplexing (OFDM) waveform has been shaped using some digital signal processing techniques to fit within a BEM. The BEM in this case is the critical 802.16 Mask taken from Figure 5 and is marked in red. The blue trace shows the signal that arises when no Fig. 8 . Shaping of an OFDM waveform to fit within a BEM advanced signal processing is applied. In this case the OFDM signal is reduced to a small few subcarriers, to ensure that the OOB emissions are below the mask. But the green trace shows how the signal can be shaped, using advanced techniques, to take most advantage of the available spectrum and power. The shaping used involves some kind of windowing of the original OFDM signal and the parameter β 2 in the figure is a parameter of that process. The main message is that the radio does not need to be hard-coded to use a particular waveform by the manufacturer but instead is capable of creating a suitable BEM compliant waveform in situ. Figure 8 shows the results of just one approach. There is an enormous amount of research in the field today with a large emphasis on the shaping of OFDM waveforms, though of course the literature does not speak about the process as being a dynamic SEM [5] , [6] , [7] . The reality is that there are a range of actions relating to the emission profile of the device that can be taken by a highly flexible radio that is aware of its surroundings; all of these actions ultimately concern the creation and control of dynamic SEMs.
V. ONTO A DYNAMIC BEM
We now turn to the idea of a dynamic BEM. There are many potential interpretations of the meaning of 'dynamic' when it comes to the BEM. The purpose of this section is to work through those interpretations. The interpretations listed here do not necessarily apply to all application areas.
A. Dynamic Access to a Collection of Static BEMs
The first way in which BEMs may be more dynamic is for a communication system to choose the BEM based on the circumstances in which it finds itself rather than be given a BEM, with which it must comply, in advance. In this case we can imagine a collection of different BEMs from which the communication system must select the appropriate BEM.
This notion is not beyond current regulatory thinking. In November 2008, the FCC released rules and guidelines for use of TV whitespace [8] . The FCC have decided to sanction use of TV whitespace under a number of conditions. One of these conditions is that devices and systems use a centralised database to determine unoccupied spectrum bands rather than rely on sensing mechanisms.
What we advocate here can be thought of as a database of masks. For example, a basestation can obtain a spectrum mask from the database by specifying its location and the frequncy range in which it wishes to operate. This action can be considered in the context of TV whitespace use. Having determined which bands are free on the basis of the spectrum occupancy database, the basestation could subsequently retrieve the appropriate mask for use of the whitespace from the mask database. The basestation then generates a SEM to comply with the BEM.
B. The Time Varying BEM
We can also think of masks that vary with time. Neighbouring networks can be busy or heavily loaded at different times. Hence in scenarios in which spectral usage of neighbouring systems is uncorrelated, time varying BEMs might suit. What this means is that there may be certain times of the day in which extra adjacent channel interference can be tolerated by one network from another and vice versa. In this context, the definition of the BEM includes time-dependent variables. As a consequence the communication system will sculpt its SEM differently at different times of the day in accordance with the time varying BEM.
Another way of thinking about the time varying BEM is to consider it as something akin to cell breathing but in the frequency domain and for heterogenous networks. In CDMA cellular systems, for example, the coverage area of cells can grow or shrink depending on load. The time varying BEM will spread or contract in frequency (i.e. cause more or less adjacent channel interference) depending on load. But unlike the CDMA example different networks can operate in this manner rather than just the cells belonging to one network.
C. The Spatially Varying BEM
Having spoken about a BEM that varies with time, it does not require a huge leap of the imagination to consider one that varies with space. When discussing adjacent channel interference we focus on systems using the same geographical area but different frequency bands. It is possible however that over a given geographical area a communication system would exhibit different characteristics such as varying network density. In current regimes one average, or worst-case, spectrum mask would apply. A more dynamic approach may be to use multiple BEMs across the region. Fig. 9 . This figure depicts two networks on adjacent frequencies operating in the same geographical area. Network B exhibits non-homogeneous characteristics for which a multi-BEM solution is more spectrally efficient. Figure 9 attempts to capture this concept. The varying network in Figure 9 could be considered to cover a city area (Area 1) and suburbs (Area 2), the denser deployment being in the city centre. Imagine that Network A is a typical two-way cellular data network and that Network B is a broadcast DVB-H network. The density of the population being served by the DVB-H network does not impact the density of transmitters required as the communication system is a simplex broadcast one, i.e. receiving devices do not transmit back to the basestation. However, in the case of the cellular data network the terminal station devices, e.g. phones, do communicate back to the basestation. As such, when the density of terminal devices increases the density of basestations must also increase (where there is no increase in bandwidth) to provide capacity for the increased number of users. In this scenario, increased spectral efficiency across both Area 1 and Area 2 could be achieved if BEMs appropriate to each distinct area were defined.
D. The BEM as a baseline
We can also think of a BEM, whether it be a static, time varying or spatially varying BEM, as a starting point. A starter BEM would perhaps be overly restrictive and subsequent negotiation with neighbours could allow for change in that mask. Figure 10 picks up on this point using a simplistic example. It shows two different BEMs and two different SEMs. The sculpted SEM complies with the stricter mask. The second more rounded SEM in red shows the SEM after the BEM has been relaxed. It is entirely feasible that two spectrally neighbouring communication systems would negotiate with each other and come to some agreement about the block-edge. The masks in Figure 10 are symmetrical but of course it is more likely that some kind of asymmetrical BEM would result given that neighbours on each side are more likely to differ. Negotiations could be triggered due to change of use or improvements in technologies on either, or both sides, for example.
E. The Completely Self-generated BEM
The ultimate definition of dynamic, when it comes to a BEM, is a BEM that is self-generating. In this instance networks would somehow be able to perform some sensing and analysis and determine how to coexist; this definition is clearly the most challenging.
It could be possible that a self-organising network comes into existence and initial communication happens over a narrow band of frequencies in the middle of its frequency band. From this initial starting point a mask could be generated by collaborating with its neighbours and determining its impact on the neighbouring networks and vice versa. Figure 11 attempts to capture this concept. In Figure 11 there are some legacy networks that use old-fashioned static BEMs and two newly formed networks which are self-organising. Figure 11 (b) shows masks that are derived quickly using some kind of minimum coupling loss approach and more accurate masks that take longer to derive are shown in (c) and (d). The latter use more accurate probabilistic analyses to derive more realistic and spectrally efficient BEMs. The main concept being suggested here is one of a progressive process of self-generation of masks. Such a process could lead from cautious initial restrictive assumptions to more relaxed and optimal settings which are based on better (and more complex and time-consuming) calculations and modeling together with actual experience of prevailing conditions. Fig. 11 . This figure depicts a dynamic spectrum access scenario in which there are two vacant channels adjacent to legacy systems. Next generation networks(NGN) must assume a BEM before occupying these channels. A dynamic BEM approach allows the NGNs to be more spectrally efficient as they use better techniques and information to derive the appropriate BEMs.
F. More Potential
Only some of the dynamic forms of the BEM discussed above may prove useful. Nonetheless the concept of a dynamic BEM opens new ways of thinking. One interesting by-issue that arises is the fact that there is potential to associate different costs with different BEMs. For example, the use of a less restrictive BEM could incur a higher cost to other users than the use of a conservative BEM with much lower OOB emissions, i.e. less restriction may mean more interference to adjacent services and hence more cost to them. So, not only would wireless systems pay for the spectrum that they use but they would also pay for the interference they cause. This can be considered as a pay to pollute type approach. Looking at the interferer/victim relationship from the receiver's perspective, Weiss [13] describes a complementary proposal to incentivize TV spectrum consumers to make choices about the quality of their TV receivers, i.e. incentivize them to use receivers with better adjacent channel selectivity to receive better TV signal quality. So, if we were to look at the whole system, of adjacent receiving victims and adjacent interfering transmitters, there may be scope to define dynamic BEMs that incentivize changing (and improving) receiver characteristics. Any system that more fully captures all the costs and benefits of how users access spectrum may help to promote the realisation of marketdriven spectrum allocation.
VI. FINDING A BEGINNING IN WAPECS
The key question that arises from the discussion thus far is whether it is possible to calculate and derive BEMs that make it possible for any two networks to be neighbours. Recall from Section 1 the effects of adjacent channel interference are complex. WAPECS is not about dynamic BEMs. It is not even about dynamic SEMs. It is of interest here because it contains many ideas that can inform and inspire this discussion; many of the documents which tease out the WAPECS concepts provide a way of thinking through the issues of service and technology neutrality. It makes sense to look at how BEMs are derived within a WAPECS framework, despite the fact that dynamic approaches are not envisaged.
WAPECS introduces two broad and not-fully-fleshed-out concepts which aid in the process of BEM derivation, namely Network Scenarios and Reasonable Expectations. Rather than think in terms of specific technologies the WAPECS framework encourages us to think in terms of network scenarios. These are required so that it possible to model the interference interaction of different systems when they are placed in adjacent frequency bands. The network scenarios can be described and compared using a number of characteristics: Reasonable expectations of future receiver performance form an integral part of the WAPECS approach to the definition of rules which will enable technical and service neutrality such that they enable future, unforeseen changes or advances. Among the receiver characteristics that can be considered important in any evaluation are:
• minimum signal level required; • selectivity; • susceptibility to co-channel interference.
Changes to any of these parameters may have a significant change on the levels of OOB emissions that can be tolerated in adjacent systems. For example, if the requirements for DVB-T receivers demanded that they had a greater dynamic range, then the receivers could tolerate higher levels of adjacent channel interference which would open up the use of the vacant adjacent channels to higher power uses.
Even though this kind of thinking, from a regulatory perspective, is an advance on prior spectrum management approaches, the notion of reasonable expectations of future performance may not be so important if dynamic BEM generation, in situ, was made possible. In that case, BEMs could be adapted to the prevailing recevier characteristics rather than being designed around forecasted characteristics which may or may not come to pass. Nonetheless, to arrive at an appropriate BEM for a future system WAPECS suggests a six stage process [10] , [2] . For the purposes of our discussion, only 4 of those steps are pertinent: 1) Define the scenarios, i.e. specify the Network Scenario and Reasonable Future Expectations 2) Derive the BEM by analysing the WAPECS network against the adjacent systems. 3) Derive the BEM appropriate for the co-channel situation, i.e. ensure that the BEM allows that the WAPECS network can be deployed across a geographic area as required for the transmitter density envisaged.
4) Analyse the BEM result and have it approved by the relevant authority.
Currently, all of these steps and calculations are performed offline before the system is in place using a number of different methods. 3 The WAPECS framework discusses a number of different techniques for calculating BEMs; two of these are the minimum coupling loss (MCL) approach and spatio-temporal Monte Carlo (STMC) analysis. The MCL approach is a deterministic one that calculates the minimum adjacent band isolation and minimum propagation loss necessary for a given set of transmitter and receiver parameters. MCL works on the basis that there is an acceptable (or target) receiver desensitisation level [1] , [11] , [12] . The spatio-temporal Monte Carlo analysis is used for more complex and probabilistic compatibility analysis. The bound on the STMC approach is an acceptable interference probability associated with the service being provided in the adjacent (victim) channel block. Common to both techniques is the use of propagation models appropriate to the frequency and terrain in question.
WAPECS documentation provides examples of BEM calculations for various scenarios. However the scenarios tackled are rather simple and tend to include more traditional combinations of neighbours such as TDD and FDD neighbours.
More complex combinations such as neighbouring high power and low power systems or ad hoc and centralised neighbours or adjacent mesh networks are not considered. As such, the method by which the BEM is calculated is still an open question. Whilst WAPECS focusses on developing the two methods mentioned, there may be other techniques that will be more appropriate to non-traditional network deployments. As mentioned in Section V-E, networks might be able to use a progressive system of BEM calculation that moves using initial conservative techniques to using more advanced techniques that use more sophisticated modeling coupled with empirical evidence. However, this does not detract from the fact that the approach in the WAPECs document provides a framework and a set of steps that suggest that the BEM concept is a feasible one.
VII. CONCLUSION
Talking about spectrum masks in the form of the BEM and SEM components is an approach that allows us investigate the two sides of one problem; namely that of providing a service and technology neutral way of describing and enforcing spectrum usage obligations. The BEM deals with the derivation of rules and regulations, the SEM deals with the engineering concepts that comply with those rules.
Much of the focus of advanced research into reconfigurable, cognitive, highly adaptive radios concerns allowing radios
